Objective: To explore the hydration strategies of marathon runners, their sources of information and knowledge about fluid intake in the marathon, and their understanding of exercise-associated hyponatremia (EAH).
INTRODUCTION
Exercise-associated hyponatremia (EAH) is defined as serum sodium concentration of less than 135 mmol/L during, or up to 24 hours after, prolonged physical activity. 1 The primary causative factor in the development of EAH is excessive fluid intake. [1] [2] [3] [4] There have been 5 deaths in marathon runners reported in the past 20 years caused by EAH, including a 22-year-old male fitness instructor who died from EAH at the finish of the 2007 London Marathon. 2 Many other runners with altered mental status and encephalopathy have required hospital transfer because of EAH. 2 After the 2003 London Marathon, 14 runners required hospital treatment due to EAH, and many more needed care in the marathon medical tents. 5 In separate studies from the 2002 Boston Marathon and 2006 London Marathon, 13% and 12.5% of finishers, respectively, were found to have asymptomatic hyponatremia. 2, 4 Low body weight, 1, 4, 6, 7 slower race pace, 1, 4, 5, 8 female sex, 1, 4, 5, 9 and drinking estimated volumes greater than 3 to 3.5 L during a marathon 2, 4 have been found to be associated with higher incidence of EAH, although some runners may be more susceptible to EAH due to individual factors, such as antidiuretic hormone metabolism. 10 Such variation in intrinsic risk factors in conjunction with environmental factors, such as temperature and humidity, make it difficult to advise runners about precise volumes of fluid to drink during endurance events. 1 Marathon running has evolved from a minority participation sport for elite and well-trained club runners who rarely drank significant volumes during races 11 to a mass participation activity, with the introduction of city marathons around the world. In 1975, the American College of Sports Medicine published a position statement advocating regular fluid intake during endurance events suggesting this would reduce the risk of heat stroke. 12 During the 1980s and 1990s, increasing numbers of endurance runners experienced EAH due to excessive intake of fluids, occasionally with fatal consequences. 1, 8, 13 The 2005 and 2007 International EAH Consensus Development Conferences and the 2006 International Marathon Directors Conference reviewed the available evidence about EAH and fluid intake and published recommendations advocating drinking "to thirst," rather than the higher volumes previously recommended. 1, 14, 15 In addition, in 2007, the American College of Sports Medicine revised its position statement on fluid replacement in exercise to reflect the body of knowledge that fluid intake during exercise should never exceed sweat loss. 16 It is not known how or where runners receive their education, nor whether this advice is followed. A recent North American study investigating runners' knowledge about appropriate drinking and fluid strategies during races reported that only 58% of runners drank to thirst, with experienced runners less likely to do so. 17 This study examined runners who had been running for several years (.8.3 years), although their race experience was weighted toward 5-km and 10-km races. The main risk factor for EAH is more likely to be excessive fluid intake rather than race distance. 18 However, although EAH has been described in shorter events, 19, 20 it is more likely to occur in endurance events, such as the marathon. 1 Establishing the level of knowledge of EAH among marathon runners and understanding their drinking strategies, in particular what influences these strategies, may help to improve future education aimed at reducing the incidence of EAH.
The aims of this article were to explore runners' hydration plans before, during, and after the marathon, and whether these accorded with the current recommendations. In addition, it aimed to examine what influenced runners' plans about drinking fluids on marathon day and their understanding of the cause and effects of hyponatremia.
METHODS

Study Setting
The London Marathon is a full 26.2-mile (42.2-km) marathon held over a flat city course in the spring. Water bottles of 330 mL are available from 24 water stations situated at 1-mile (1.6-km) intervals from mile 3 to mile 25. There are also 5 sports drink stations at 5, 10, 15, 20, and 23 miles distributing 330-mL sachets of a sports energy drink containing 6.4-g carbohydrate per 100 mL and a trace of sodium (Lucozade; GlaxoSmithKline, London, United Kingdom). Runners are advised in the prerace literature not to drink at every station and not to drink excessively.
Participants and Procedures
Ethics approval for the study was obtained from the Queen Mary, University of London Research Ethics Committee. Runners participating in the 2010 London Marathon were required to register at a single registration site 4 days before the marathon. A researcher was positioned at the timing chipcollection point at the registration venue enabling access to all competitors. Every ninth runner leaving the chip-collection booths was given a research information sheet and invited to participate in the study. Those who agreed to participate were asked to complete the study questionnaire at the research station. If a runner chose not to take part, the reason for this was recorded. This process was repeated over 1-hour to 3-hour intervals during the 4 days of the registration to try to ensure a representative sample.
The questionnaire was devised comprising several sections:
1. Background demographic information comprising 11 questions, including age, gender, and marathon running experience 2. Drinking strategies comprising 28 questions broken down into "the morning of the race," "during the race," and "over the 6 hours after finishing" and including the type and volume of fluids to be consumed 3. Sources of information about fluid intake 4. Knowledge of appropriate fluid intake and risk, including knowledge of the terms "hyponatremia" or "low salt or sodium levels." An open question was also asked about the subject's understanding of the cause and effects of hyponatremia. Subjects were deemed to have a basic understanding of EAH if their answer in free text specified that one of the causes was drinking too much fluid and that potential effects included malaise, collapse, or death.
A pilot study was undertaken with 20 runners of variable marathon running experience. Questions found to be unclear or ambiguous were refined.
Statistical Analysis
The software SPSS version 18.0 (SPSS Inc, Chicago, Illinois) was used for analysis. Data from the questionnaire were presented descriptively (numbers, proportions). Chi-square tests were used to assess the difference in proportions between experienced (1 or more previous marathons) and inexperienced (no previous marathons) runners in terms of hydration strategies and knowledge of hyponatremia. Chi-square analyses were also used to assess differences between club and nonclub runners for these variables. A P value of ,0.05 was defined as significant.
RESULTS
Sample Characteristics
Overall, 232 runners were invited to participate, 15 of whom declined to take part because of insufficient understanding of English or lack of time. The mean age of the 217 runners completing the questionnaire was 38.6 years, and the demographic characteristics are shown in Table 1 . It should be noted that the mean finishing time of our cohort was 4.36 ± 0.55 hours, which is very similar to the mean finishing time of all the runners in the 2010 London marathon (4.32 ± 0.55). The gender characteristics were also representative of the whole population of the London Marathon runners (33 women to every 67 men). 21 Runners' Prerace Hydration Plans for Before, During, and After the Marathon Plans for Drinking Before the Marathon Of the runners, 199 (91.7%) stated that they had a plan regarding prerace fluid intake on the morning of the marathon 
Plans for Drinking During the Marathon
Of the runners, 208 (95.8%) had a plan for their fluid intake during the race. Of these, 45 (21.6%) aimed to drink from all 24 water stations. The median (IQR) number of water stations from which the runners were planning to take water was 10 (5-24). Of those with a fluid intake plan during the race, 180 (86.5%) aimed to drink sports drink from at least 1 of the 5 sports drink stations. The median (IQR) number of sports drink stations to be visited was 4 (2-5), and 57 (26.3%) of the runners were planning to drink from all the 5 sports drink stations. Of those with a fluid intake plan during the race, 52 (24%) aimed to drink only water, 16 (7.7%) aimed to drink only sports drinks, 135 (65.2%) aimed to drink both water and sports drinks, and 4 (1.9%) did not answer (Figure 1) . Furthermore, 42 runners (20.3%) were also planning to carry their own fluids in a bottle. The mean (SD) volume to be carried by these 42 runners was 0.5 (0.5-0.6) L.
The total volume the runners planned to drink during the race is shown in Figure 2 . The median (IQR) total volume was 1.2 (0.6-2.2) L. Overall, 169 participants specified the volume that they intended to drink during the race. Of the total 169 subjects, 26 (15%) planned to drink more than 3.5 L. There was a trend (t 159 = 1.67; P = 0.09) toward runners who planned to drink greater than 3.5 L having slower finishing times (4.53 ± 0.32 hours) than the rest of the cohort (4.32 ± 0.34 hours), but these groups did not differ in regard to age (t 167 = -0.10; P = 0.91) or the proportion of men and women (x 2 = 0.44; P = 0.51).
Plans for Drinking After the Marathon
At the 6 hours after the race, 191 (88%) of the participants stated that they had a plan about drinking fluids. Of these runners, 109 (57%) specified the volume of their intended intake. The median (IQR) volume intake planned was 1.2 (0.875-2.0) L. Three of the runners planned to drink 5 or more liters after the race.
Influences on Runners' Drinking Plans Sources of Knowledge
Of the sampled runners, 202 (93.1%) had either read or been told about drinking fluids on marathon day. Most had gained their information from reading the London Marathon magazine, from talking to running friends, and through reading running magazines. Most runners had more than 1 source of information. All sources of information are shown in Table 2 .
Other Factors Influencing Drinking
The principal factors that influenced runners' drinking strategies during the race were the temperature on race day [n = 71 (32. 
Runners' Knowledge of Hyponatremia Absolute Knowledge
Of the sample, 141 (65%) had heard of hyponatremia (low salt or sodium levels), and 216 (99%) of the sample answered this question. However, in response to the open question "What is your knowledge of its causes and effects?", 207 (95%) of the runners answered this question, but only 77 (37%) had a basic understanding of hyponatremia.
Runners' Self-Perception of Their Knowledge
Overall, 182 (83.9%) of the runners said that they knew enough about drinking on marathon day. However, only 47 (21.7%) and 44 (20.3%), respectively, knew the exact volumes of the water and sports drinks available at the drink stations (330 mL). Only a further 10% knew or estimated the volumes of water and sports drink bottles within 10% accuracy (300-360 mL).
Comparison of Drinking Strategies and Knowledge About Fluid Intake Between Experienced and Inexperienced Marathon Runners
There was no significant difference in the proportion of experienced runners (16.7%) and inexperienced runners (13.9%) who planned to drink more than 3.5 L during the race (x 2 = 0.243; P = 0.622). Similarly, there was no significant difference in the proportion of club runners (10.9%) and nonclub runners (17.1%) who planned to drink more than 3.5 L during the race (x 2 = 0.990; P = 0.320).
There was no significant difference in the proportion of experienced runners (34.2%) and inexperienced runners (40.6%) who had a good understanding of hyponatremia (x 2 = 0.900; P = 0.343). However, there was a significant difference in proportions of club runners (54.5%) and nonclub runners (30.9%) who understood hyponatremia (x 2 = 9.649; P = 0.002).
DISCUSSION
This study found that although more than 90% of runners had read or been told about hydration on marathon day, and more than 80% of runners perceived that they knew enough about fluid intake, many of the drinking plans quoted by runners in this study would have put them at a higher risk of developing EAH. Twelve percent planned to drink more than 3.5 L of fluid, a level found to be associated with higher incidence of EAH in previous marathon studies. 2, 4 There was a trend toward runners who planned to drink more than 3.5 L having slower running times, although this did not reach statistical significance.
Frequent drinking while running has been identified as a risk factor for developing EAH, 4 yet more than 20% of the runners in this study planned to take water from all 24 water stations. Furthermore, only 21% knew the volumes of the water and sports drink containers available at the drink stations.
Runners' knowledge of safe drinking strategies and EAH was also poor. Contrary to the recommendations of the 2 International EAH Consensus Development Conference 1, 14 statements and that of the International Marathon Medical Directors Association 15 that runners should "drink to thirst" during endurance exercise, only 25% of the runners in this study identified thirst as the most important factor determining their fluid strategy. This contrasts with the findings of Winger et al 17 that 57% of runners in their sample indicated that they took on fluid according to thirst, although the study concluded that these runners were seeking to avoid the gastrointestinal effects of overhydration rather than to comply with hydration guidelines. Despite publicity in the UK press of the death of a competitor at the end of the 2007 London Marathon due to EAH, 22 only 35% of respondents in the current study had a basic understanding of hyponatremia. This corresponds with a similar proportion of runners in the study by Winger et al 17 (29.1%) who believed drinking more than planned would correlate with an increased risk of EAH. These findings, that up to threequarters of runners did not regard thirst as the most important factor determining their fluid intake and that almost two-thirds did not have even a basic understanding of hyponatremia, suggest that education on the risks of overdrinking and EAH is either insufficient or that it is not reaching its target audience.
Seventy percent of the sample stated that they had read information about fluid intake on marathon day in the official race magazine. This magazine is sent to all participants with their final race instructions and is therefore a potentially valuable educational resource about appropriate fluid intake for all the runners. However, despite their claims to have read the relevant information, runners in this study were unfamiliar with the recommendations for safe fluid intake. The medical section in the marathon magazine gives clear explicit advice about avoiding overdrinking and includes a warning from the marathon medical director that "drinking too much could be very dangerous and lead to hyponatremia (water intoxication), fits, and even death." However, located near to the back of the magazine, the official medical advice is less prominent than advertising features about sports drinks in the early section which, of note, make no mention of hyponatremia or the potential dangers of excessive drinking.
Forty percent had received information on fluid intake from friends with running experience, and specialist running magazines were the other significant contributors to runners' education in this study. In this study, 64% of the club runners received advice through their clubs (16.6% of all runners). Although club runners had greater knowledge of EAH, neither club runners nor experienced runners were more likely to have a safer fluid intake strategy than nonclub runners or novices. This finding suggests that inadequate education about hyponatremia is widespread among runners.
It has been noted that changes in guidelines may take a long time to filter down to runners. 23 Exercise physiology textbooks are an obvious source of information, but unless they have been recently updated in new editions, they may not reflect current evidence. 24 It has also been observed that research and information on fluid intake in sport is often sponsored by sports drink companies, creating a potential conflict of interest. 25 Education on the prevention of EAH is a key priority. 1 Exercise-associated hyponatremia is preventable if runners do not drink to excess. Based on the findings of this study, there is a mandate to improve education and visibility of fluid intake advice for runners. Official marathon publications, running magazines, and fellow runners were the source of education of most runners, and more effort needs to be made to encourage the dissemination and improve the visibility of appropriate safe drinking advice through these popular channels. Sports drink and bottled water advertisements and Web sites should include clear messages about the hazards of overdrinking.
A limitation of this study is that it is not known whether this population provides a true representation of all the runners, although the mean finishing time and gender breakdown of our cohort was very similar to that of the 2010 marathon field. The response rate was 93%, very high for a questionnaire survey, and 207 (95%) of those who participated attempted to answer the open question about the cause and effects of hyponatremia. As with all questionnaire surveys, the validity of the data depends on the honesty and accuracy of the respondents.
Finally, it is interesting to consider that 12% of the subjects in this cohort of runners were planning to ingest fluid at amounts (.3.5 L) that would put them at greater risk of developing EAH. The study by Kipps et al 2 on runners in the 2006 London Marathon determined that 12.5% of runners in a cohort of 88 runners had developed asymptomatic EAH over the course of the race, whereas the large study by Almond et al 4 on 488 runners in the Boston Marathon 2003 found EAH in 13%. Blood tests were not available on the runners in the current study, and detailed prerace fluid strategies were not described in the previous 2 studies. Future studies may gain valuable insights by examining adherence to a prerace fluid plan and also whether those runners who plan to drink large volumes of fluid are in fact those who go on to develop EAH.
CONCLUSIONS
The etiology of EAH is now well understood; EAH is preventable if runners do not drink to excess. Yet this study has found a lack of understanding about appropriate drinking and the concomitant risks of EAH among marathon runners and, importantly, a lack of insight into these potentially dangerous knowledge deficits. In this study, 12% of runners planned to drink a volume of fluid that would have put them at higher risk of developing EAH during the marathon. The next challenge is to change the drinking behavior of marathon runners. This can only be achieved through more effective education. Official marathon publications, specialist running magazines, and fellow runners were the source of education of most runners. More effort needs to be made to encourage the dissemination and improve the visibility of appropriate safe drinking advice through these popular channels.
